per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) Internationa] Patent Classification 5 : 
A61L2/08 



Al 



01) International Publication Number: WO 90/00907 

(43) International Poblicarion Date: 8 February 1990 (08.02.90) 



(IDInternationalApplicationNinnber: PCT/GB8 9/00839 
(22)InteniationalFilingDate: 20 July 1989(20.07.89) 



(30) Priority data: 
8817240 



20 July 1988(20.07.88) GB 



(71) Applicant (for all designated States except US): SALFORD 
^"university BUSINESS .SERVICES LIMITED 

[GB/GB] ; Business House, University Road, Salford M3 

4PP (GB). 

(for US onfy) : MOORT, Jtfgtag 

loselh ^Txfon^ad, ChirJey^GB), HASAN^ 
JPS/GB1* Department of Biological Sciences, University 
of Salfok Salford M5 4PP (GB). 



(74) Agent: ATKINSON, Peter, Birch; *J^/55 
301 Sunlight House, Quay Street, Manchester M3 3JY 

(GB). 

flmDesfrniated States: AT (European patent), AU, BE (Euro- 
(81> ^ paten^H (EuropeaV patent), DE (European pa- 
K FR (European patent), GB (European patent) TT 
(European pateS), LU (European ^ patent), NL (Euro- 
pean patent), SE (European patent), US. 

Published 

With international search report thp 
Before the expiration of the tme ImU for amending Oie 
Zis and to be republished in the event of the receipt of 
amendments. 



(54) Title: STERILISING METHODS 



(57) Abstract 



organisms arc characterised in that a free radical scav«^« and its product are substantially non-reactive 

s»^»sc=sf^ — ^= — — - ribito1 - 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AT 


Austin 


AD 


Australia 


B8 


Barbados 


BE 


Bcbjinn 


BP 


Burkina Fssso 


BG 


Bulgaria 


BJ 


Benin 


BR 




CA 


Canada 


CF 


Central A&ican Rcpub&c 


CG 


Congo 


GH 


Switxeraind 


CM 


Cuncioon 


DE 


Germany. Federal Republic of 


UK 





party to the PCT on the front pages 



ES 


Spiin 


fi 


Finland 


FR 


trance 


GA 


Gabon 


GB 


United Kingdom 


BU 


Hungary 


rr 


Italy 


jp 


Japan 


SP 


Democratic Peopfcl RepuhBe 




of Korea 


KR 


RepubBc of Korea 


U 




LK 


Sri Lanka 


ID 


Lumnbourg 


MC 


Monaco 



pamphlets publishing international 



MG 


Madagascar 


ML 


MaH 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


RO 


Romania 


S> 


Sudan 


SE 


Sweden 


SN 


Senegal 


su 


Soviet Union 


TD 


Chad 


TG 


Togo 


US 


United States of America 



WO 90/00907 



PCT/GB89/00839 



- 1 - 

STERILISING METHODS 

A first aspect of the present invention relates 
to a method for sterilising a pharmaceutical, in 
particular a pharmaceutical which is in aqueous 
solution . 

The use of high energy radiations to destroy 
micro-organisms offers an alternative, and in some 
instances an attractive, means of sterilising 
pharmaceuticals compared with traditional 

techniques. In many instances it is cheaper, less 
energy consuming and provides better sterility 
assurance. Furthermore, it has none of the toxicity 
problems associated with gases (e.g. ethylene oxide) 
that are commonly used for sterilising purposes. 
However, radiation sterilisation of pharmaceuticals 
is often accompanied by chemical degradation, 
particularly in aqueous solutions, but also in other 
formulations such as gels, and this degradation must 
be minimised if the method is to be used successfully. 

When dilute aqueous solutions are irradiated 
with high energy radiations (e.g. # - or X-) the 
energy is completely absorbed by the water and 
produces highly reactive radicals (H*, OH*) and ions 

(e- aq»* 



The reactions of these species are responsible 
for degradation of solute present. When oxygen is 
present, e" aq and H* are effectively removed: 

-+H + 

e" + 0--» 0„ HO * (pk 4.8) 

aq 2 2 2 

H" + 0 2 H0 2 * 
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H0 2 radicals are generally considered to be 
unreactive. Thus in oxygenated solutions, the OH* 
radical (an oxidative species) causes chemical 
change, viz 

RH + OH" » R- + H 2 0 (abstraction) 

or R»H + OH' » 'R'H(OH) (addition) 



The radicals R* and *R'H(OH) then react with 
dissolved oxygen to form peroxy radicals R0 2 * or 
Vh(OH)0 2 * and these subsequently disappear to form 
permanent degradative products. Thus, in many 
situations high energy-radiations cannot be used to 
sterilise aqueous solutions. 

It is an object of the first aspect of the 
present invention to provide an improved method for 
sterilising a pharmaceutical. 

According to a first aspect of the present 
invention, there is provided a method for sterilising 
a pharmaceutical formulation, wherein the 
pharmaceutical formulation is exposed to high energy 
raciation to destroy micro-organisms, characterised 
in that a free radical scavenger is incorporated in 
the formulation to scavenge those free radicals which 
could degrade the pharmaceutical, the said free 
radical scavenger and its products being 
suostantially non-reactive with the pharmaceutical 
and being substantially non-toxic. 

The free radical scavenger should be one which: 

(i) is sufficiently soluble (in the 
formulation) to give good protection; 

(ii) yields free radicals which will not 
degrade the pharmaceutical; 
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tiii) is non-toxic; 

(iv) yields toxic products; 

(v) does not cause protection to the bacteria 
(that are supposed to be killed). 

Preferably the free radical scavenger is a 
polyhydric alcohol, for example mannitol or ribitol. 

If the pharmaceutical formulation is an aqueous 
solution, the free radical scavenger is an additional 
solute in the aqueous solution and competes for the 
OH* radicals. Thus the free radical scavenger must 
react readily with OH* radicals, its own radiation 
degradation characteristics must be well known, it 
must be non-toxic, its products must be non-toxic and 
preferably easily metabolised, and for commercial 
reasons it should be inexpensive. These criteria are 
fully met in most circumstances by mannitol. 

An embodiment of the first aspect of the present 
invention will now be described, by way of example. 

Chloramphenicol is a pharmaceutical which is 
used in aqueous solution for eye-drops. Mannitol 
which is a polyhydroxyalcohol was introduced as a 
solute into aqueous solutions of chloramphenicol 
(hereinafter CP) and the resultant aqueous solutions 
were exposed to radiation, at a variety of mannitol 
and CP concentrations. The mannitol reacts with OH 
radicals with a diffusion-controlled rate constant to 
yield almost entirely mannose and fructose {as 
assayed using GC and HPLC) . The results are given in 
table 1 below. 
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Table 1 

(a) The effects of *tf -irradiation { 25KGy ) on CP 
(0.5% w/v) in the presence of increasing mannitol 
concentrations 

(in relation to mannitol) 
% mannitol % destruction % mannose % fructose 
(w/v) of CP formed formed 



0.00 40.0 0.00 0.00 

5.07 10.0 0.076 0.02 

9.10 6.0 0.097 0.02 

12.00 3.B 0.092 0.022 

16.00 2.4 0.108 0.022 

(b) The effects of -irradiation (25 KGy ) on CP 

at various concentrations with mannitol (0.27 moldm" 3 ) 

CP Concentration % Degradation 

%w/v of CP 



0.07 
0.17 
0.26 
0.30 
0.41 
0.50 



1.25 
2.00 
3.80 
4.50 
5.10 
10.00 



Similar tests were then conducted with a range 
of polyhydric alcohols including mannitol and the 
results are given in Table 2: 
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Table 2 



■irradiation of prooxygcfutotl CP (O.St «/v» with different polytiydric aJeoJn>ts in ivrflf txjffer (1-S*). 
7. Total dose received 25KCy. Dose rote S4Gy adft 



polyhydnc 
alcohols 
(nolrinf 3 ) 


% Remaining ( 
HPLC 
Sanple CP 


»stir radiation 
CC 

Sarcplc CP 


pit Colour 


products formed 

1 

molfkn 


\ calculated 
of polyalcohols 








- / 


60 


7 *&CffiASiiycllow 










Mannitol 

0.27 
Sorbitol 


100 


97 


100 


9B.5 


i almost 
colourless 


Hannose 

0.3xlO -2 

Glucose 


Fructose 
0.2xl0" 2 
Fructose 


3 or 4 Carbon 

ftr^binosc 1.4 
car! ion 


I.B5 


0.3 


99 


09 


wo 


10B 


7 11 


0.33xl0~ 2 


0.1 xlO" 2 


0.02xl0" 2 


l.S 


Galacticol 
0.37 


99 


85 


100 


68 


7 " 


Galactose 
0.75xl0 -2 


Tagatose 
0.09xl0" 2 


3.4 carbon 


3 


Erythntol 

0.41 
Arabinitol 

0.3 


99 

97.5 


94 
67 


98.8 
106 


92 
83 


ti 

7 « 


Erythrosc 
0.45xl0~ 2 
Arabinose 
0.3 xlO" 2 




3,4 carbon 
compound 


1. 1 


Ribitol 
0.33 


107 


83 


98.5 


94 


7 ti 










Glycerol 
0.28 


98.2 


88 


100 


98 


7 « 











The irradiation of the CP in the absence of a 
radical scavenger produces an intense yellow coloured 
solution indicating that substantial degradation had 
occurred. In the presence of a radical scavenger 
almost colourless solutions of the CP were obtained 
after irradiation thus indicating that no substantial 
degradation had occurred. 

It can be seen from the results set out above 
that mannitol is particularly effective in protecting 
CP against degradation but other polyhydric alcohols 
also produce good results. 

A second aspect of the invention relates to the 
sterilisation of alginate gels. Such gels cannot 
currently be sterilised by irradiation or by .heating. 

For example, gels prepared from 1%, 2% and 3% 
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alginate all lose water following irradiation to a 
final dose of 25KGy. The gels also shrink in size, 
become brittle and are easily broken on bending. 
Moreover, they lose their ability to take up saline 
and water and cannot be handled or manipulated. 

It is an object of the second aspect of the 
invention to obviate or mitigate this problem. 

According to a second aspect of the present 
invention there is provided a method for sterilising 
a gel, preferably an alginate gel, wherein the gel is 
exposed to high energy radiation to destroy 
micro-organisms, characterised in that a free radical 
scavenger is incorporated in the gel to scavenge 
those free radicals which could degrade the gel, the 
said free radical scavenger and its products being 
substantially non-reactive with the gel and being 

substantially non-toxic. 

The free radical scavenger used in the second 
aspect of the invention should meet the requirements 
set out for those used in the first aspect of the 
invention. Preferably, the free radical scavenger 
for- the second aspect of the invention is mannitol or 
ribitol. 

The second aspect of the invention is 
illustrated by the following description. 

For example an unirradiated 2% alginate gel 
containing 22% mannitol takes up 16% of its own 
weight of saline. After irradiation to a dose of 
2 5KGy the same gel will take up 7% saline. When 
mannitol is absent the unirradiated gel takes up 14% 
saline and after irradiation (25KGy) takes up 1% of 
saline. 

A further example concerns gel bending. A 2% 
alginate gel containing 18% mannitol can be bent 
through an angle of 180° i.e. it is fully flexible. 



WO 90/00907 



PCT/GB89/00839 



- 7 - 

The same gel without mannitol is also fully 
flexible. After irradiation (25KGy) the mannitol 
containing gel can still be bent through an angle of 
80°. In marked contrast the gel irradiated without 
mannitol breaks when bent through an angle of 10°. 
Such a gel is not usable. 

When a 2% alginate gel containing 18% mannitol 
is prepared with an open nylon mesh incorporated into 
it. The gel, even after a dose of 25KGy can be bent 
through 180° (i.e. is fully flexible) and moreover is 
easily manipulated. 
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CLAIMS 

1. A method for sterilising a pharmaceutical 
formulation wherein the pharmaceutical formulation is 
exposed to high energy radiation to destroy micro- 
organisms, characterised in that a free radical 
scavenger is incorporated in the formulation to 
scavenge those radicals which could degrade the 
pharmaceutical, the said free radical scavenger and 
its products being substantially non-reactive with the 
pharmaceutical and being substantially non-toxic. 

2. A method as claimed in Claim 1 wherein the 
pharmaceutical is in aqueous solution. 

3. A method as claimed in Claim 1 or 2 wherein 
the free radical scavenger is a polyhydric alcohol. 

4. A method as claimed in Claim 3 wherein the 
polyhydric alcohol is mannitol or ribitol. 

5 . A method as claimed in any one of Claims 1 
to 4 wherein the pharmaceutical is chloramphenicol. 

6. A method as claimed in any one of the 
preceding claims wherein the pharmaceutical 
formulation to be sterilised comprises upto 20% by 
weight of the free radical scavenger. 

7 . A method as claimed in any one of the 
preceding claims wherein the pharmaceutical 
formulation to be sterilised comprises up to 10% by 
weight of the free radical scavenger. 

8 . A method as claimed in any one of the 
preceding claims wherein the pharmaceutical 
formulation comprises up to 1% by weight of the 
pharmaceutical . 

9 . A method for sterilising a pharmaceutical 
formulation substantially as hereinbefore described. 

10. A method for sterilising a gel, wherein the 
gel is exposed to high energy radiation to destroy 
microorganisms characterised in that the free radical 



WO 90/00907 



PCT/GB89/00839 



- 9 - 

scavenger is incorporated in the gel to scavenge those 
free radicals which could degrade the gel, the said 
free radical scavenger and its products being non- 
reactive with the gel and being substantially non- 
toxic . 

11. A method as claimed in Claim 10 wherein the 
gel is an alginate gel. 

12. A method as claimed in Claim 10 and 11 
wherein the free radical scavenger is a polyhydric 
alcohol. 

13. A method as claimed in Claim 12 wherein the 
polyhydric alcohol is mannitol or ribitol. 

14. A method as claimed in any one of Claims 10 
to 13 wherein the gel is an alginate gel. 

15 . A method as claimed in any one of Claims 10 
to 14 wherein the gel to be sterilised comprises up to 
25% of the free radical scavenger*. 

16 . A method for sterilising a gel substantially 
as hereinbefore described. 
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